Because of their higher evolvability, sexuals may have an advantage relative to asexual organisms in a competitive environment with many biotic interactions. We tested this idea using sexual and apomictic Taraxacum, dandelions. Taraxacum seedlings were grown without competition and in different competing combinations in a greenhouse. Apomicts had more and longer leaves than sexuals, but the same dry weight at harvest as sexuals. Competition reduced growth to the same extent in both apomicts and sexuals. Therefore, we conclude that sexual dandelions are no superior competitors relative to apomicts. In Taraxacum, new apomictic lineages spin off from the sexual population with some unknown frequency. This may enable the apomictic community to keep up with the sexual population.
When interactions between species are competitive or parasitic, continuous genetic changes in populations are necessary for maintaining their position against other evolving organisms (Glesener and Tilman 1978, West et al. 1999 ). This continuous genetic change has been called Red Queen dynamics. When genetic variation is limited and new genotypes appear only rarely, as in most asexual organisms, the dynamics will slow down or grind to a halt. Sex and recombination can furnish a more rapid and extensive response to such selection pressures than asexual reproduction can (McPhee and Robertson 1970, Bü rger 1999) . In a species with many interactions with other species, sex may therefore present an advantage (Glesener and Tilman 1978, Burt 2000) . Similar arms races can also go on within a species, if e.g. competitive ability varies among genotypes. This has been demonstrated in experimental evolution studies (Sole et al. 1999) .
Some taxa comprise both sexual and asexual forms. With many interactions within the sexual part of the species, the whole sexual gene pool co-evolves. Asexual conspecifics are potentially 'left behind'. Competitive relations among asexuals cannot evolve as rapidly as is possible in sexuals, though these relations within the asexual community are not necessarily different from those among sexuals. From the above considerations, we hypothesised that sexuals will be better competitors than asexuals of the same species, particularly when competing against asexuals.
To test this hypothesis, we set up a competition experiment with seedlings of sexual and asexual Taraxacum, dandelion. In Taraxacum, sexual and apomictic forms are known. In contrast to the unicellular organisms used in previous experiments, Taraxacum genotypes reproduce either obligately sexually or obligately asexually (Den Nijs and Menken 1994) . These different forms can co-occur in the same locality. For this experiment, we collected sexual and asexual plants from the same field. Sexual forms are diploid, whereas apomictic forms are generally triploid. Ploidy levels may affect growth and development (Tal 1980) . We, therefore, defined competitive ability as the difference in biomass sequestration between plants growing alone and plants of the same genotype growing in a pot with another plant. The experiment was carried out in pots containing a poor soil mixture, to make the plants compete for nutrients.
Materials and methods
Seeds were collected in a mixed sexual/apomictic population in Slijk-Ewijk, the Netherlands, in spring 1999. Ploidy level of the motherplant was established with a flow-cytometer. Seeds from six triploid, i.e. apomictic, and from five diploid sexual plants were used for the experiment. These mothers were randomly selected from the field. Motherplants will hereafter be referred to as 'genotypes', though, of course, seeds from a sexual mother are sibs. Seed weight was measured on 10 seeds per genotype. The ANOVA indicated that seed weights were not significantly different between sexual and apomictic families (p=0.836). Seeds from all plants were set to germinate in Petri dishes for 5 d. Pots (diameter 5 cm, depth 15 cm) were filled with a poor soil mixture consisting of 5:1 sand:black soil. Pots were placed in a tray containing tap water to prevent desiccation. In the treatments referred to as competition, two germinated seeds were placed in a pot at about 2.0 cm from each other in a full factorial design. Thus, every genotype (the target) was tested against all other genotypes (the competitor), including its own. Every combination except those containing two identical genotypes occurred twice. No-competition treatments consisted of a germinated seed occupying a pot by itself. The nocompetition treatments were replicated three to four times per genotype, depending on available seeds. The experiment was started 11 August 1999 in a greenhouse in which temperature was set at 20°C, and additional lighting was provided. Leaf number and length of the longest leaf were scored every week from the third week onwards. All plants were harvested 27 October 1999, separated into leaves and roots, dried at 70°C for 48 h, and weighed. The plants were 11 weeks old.
Data analysis
Number of leaves and length of the longest leaf were analysed with a repeated measurements analysis. First, the effect of competition on leaf length and number of apomictic and sexual plants was tested. For the competing plants, the effect of the type of competitor on apomicts and sexuals was tested. Because assumptions for the structure of the variance-covariance matrix were not met, the growth pattern was analysed with the Huynh-Feldt method. Overall differences between groups were analysed with analysis of variance between subjects tests (SPSS software).
Leaf height was compared with ANOVA, with genotype nested within type of plant.
Dry weights at harvest were log-transformed before further analysis to improve normality. Differences between sexuals and apomicts in dry weight with and without competition were tested with an ANOVA with no competition, competition with a sexual, and competition with an asexual as levels of the fixed factor treatment, as well as with reproductive mode as a fixed factor. Genotypes (of the mother) were nested within reproductive mode. Contrasts were calculated between competition and no competition, as well as between competition against sexual and against apomict.
Dry weights per pot were compared with one-way ANOVA.
Results

Leaf length and number
Leaf length and leaf number both seemed to have reached a plateau after about seven weeks (Figs 1, 2) . Over all treatments, the leaf length growth curve differed between sexuals and apomicts (Huynh-Feldt p = 0.017): apomicts grew longer leaves. Competition had a significant, negative effect on leaf length during the whole period (pB 0.001), but no significant interaction between mode of reproduction and the effect of competition was found (p= 0.344). Sexual and apomictic plants without competition did not differ significantly in leaf length (p =0.617) or growth pattern (p= 0.512). For the plants growing with competition, the apomicts had longer leaves (p=0.003), but no effect of the type of competitor was found (type of competitor p= 0.643; interaction target× competitor p= 0.376). Sexuals had leaves of 10.2 92.1 cm at harvest without and 8.59 2.8 with competition; apomicts had leaves of 11.09 2.4 cm without and 9.4 92.8 with competition.
The growth curve of leaf number was not affected by the reproductive mode of the plant (p =0.067), but it was affected by competition (p=0.047). The two different types did not have a significantly different reaction to competition (interaction p= 0.099). The total number of leaves was higher in the apomicts over all treatments (p=0.004), with a significant negative effect of competition (p=0.001). No interaction between the type of reproduction and competition was found on overall leaf number (p=0.091). Apomicts had 6.279 2.13 leaves with and 8.0593.04 leaves without competition at harvest; sexuals had 5.6692.39 leaves with, and 7.41 94.05 without competition. In the treatments with competition, no effect was found of the type of competitor (p=0.241), nor an interaction between target and competitor (p= 0.117).
Harvest
Ninety-six of the 128 sexuals, and 126 of the 156 apomicts survived until harvest. Only pots of the competition treatment that contained both plants were used for analysis. Over all treatments, sexuals and apomicts did not differ in dry weight (p=0.228). Plants of a given genotype growing without competition were heavier than plants of the same genotype growing with competition (pB0.001) by, on average, a factor 1.9 (Fig. 3) . There was no interaction between reproductive mode of the target plant and the presence of competition with either a sexual or an apomict, which means that sexuals and apomicts did not differ in their response to competition (interaction p= 0.583). However, when only plants growing in competition were considered, apomicts were significantly heavier than sexuals (ANOVA, p = 0.013), whereas this was not found without competition (p= 0.984) (Fig. 3) . The ploidy level of the competitor had no significant effect on the dry weight of the target plant at harvest (p= 0.463), nor was a significant interaction found between the ploidy levels of the competing plants (p= 0.331).
To see whether different combinations of competing plants acted differently, we summed the dry mass of the two competing plants per pot. The total amount of biomass in a pot with two plants was 0.83 ( 90.45) g in variance for total dry weight would be appropriate for variance in fitness. Without-competition c.v. values were 0.689 0.08 and 0.5690.34 for sexual and apomictic sibships, respectively, and with competition 0.599 0.23 and 0.63 9 0.17. Variance in fitness did not differ significantly between sexual and apomictic sibships (p=0.653).
Effects of competition
We expected that, if sexuals were better competitors than apomicts, they would have captured a larger part of the resources in a sexual -apomictic combination. Consequently, their dry weight would have been less reduced by competition relative to without competition than that of apomicts. In sexual -sexual combinations and apomictic-apomictic combinations, the dry weight of both competing plants would be expected to have been reduced to the same extent, relative to no competition. No significant interaction was found for total dry weight between the presence of competition and the mode of reproduction. This leads to the conclusion that sexuals and apomicts responded in the same manner to competition; they were equally good or equally tolerant.
However, when only competing plants were considered, apomictic genotypes were significantly heavier than sexuals, whereas this was not the case for noncompeting plants. A similar pattern was found for leaf length. So, if anything, apomicts appeared more tolerant to competition than sexuals. More tolerant to competition means that the plants could either obtain more resources when growing in competition or lost less to non-growth functions.
In the competition treatments, the type of competitor did not affect dry weight of the target at harvest, nor the length or number of leaves. Again, this shows that the two types did not differ much in their handling of competition.
Consequences for co-existence
When sexuals are no better or even worse competitors than apomicts, the implication is that, in a mixed field of sexual and apomictic dandelions, the advantage that apomictic dandelions often have because of reproductive assurance (Sterk 1987) is not offset by a competitive advantage of the sexuals in the seedling stage. Sexuals can suffer from pollen limitation. They must, therefore, either be sufficiently different from apomicts or must have some unknown advantage; otherwise, they will be driven to extinction by their apomictic conspecifics.
Coexistence would be possible if niche differentiation between sexuals and apomicts might result in lower pots containing one apomict and one sexual, 0.79 (9 0.42) g in pots containing two apomicts, and 0.61 ( 90.30) g in pots containing two diploids (p=0.062) (Fig. 4) .
Root:shoot ratios did not differ between plants of different types or plants experiencing different treatments (Kruskall-Wallis, p=0.262).
Discussion
We studied the effect of competition by conspecifics on sexual and apomictic genotypes of Taraxacum in the seedling stage. We expected dandelions to compete with each other mainly during seedling stages, as many seedlings often appear together in open patches, whereas adult plants often grow farther apart. Individual plant dry weight, leaf number and leaf length were reduced when plants were grown in competition treatments, so competition took place. Both with and without competition, leaf number and leaf size levelled off after about seven weeks, which probably means that resources were being depleted. Dry weight has been shown to be strongly correlated with the number of capitula that will be produced (Van Loenhoud and Van der Heijden 1980) and, therefore, provides a good measure for competition outcome and fitness.
Sexual sibships consist of sibs or half-sibs, whereas apomictic sibships consist of monozygotic twins. One could, therefore, expect that the variance in fitness would be larger within sexual families than within apomictic families (Williams 1975 ). If we take total dry weight at harvest as a fitness measure, the coefficient of competition between reproductive modes than within reproductive modes (Doncaster et al. 2000) . The results do not show this clearly, but some indication may be found in Fig. 3 : dissimilar types seem to affect each other less than plants with the same reproductive mode. Two sexuals together are least productive, possibly because of strong competition between them. Differences between sexual and apomictic dandelions have earlier been shown to exist in leaf length and leaf length response to shading De Jong 1999, 2000) . Niche differences can themselves be the result of competition (Abrams 1986) . It is also possible that some relevant differences causing niche separation are the consequence of the ploidy differences between the sexuals and apomicts. In the current experiment, relevant niche differences could, for instance, have existed in the ratio of the minerals that the plants can or must acquire (Tilman 1985) .
Explanations for equal competitiveness
A reason why apomictic dandelions would be equally good competitors as sexuals is the system's particular dynamics. In Taraxacum, sexual and apomictic forms are not completely genetically isolated. The apomictic genotypes can form diploid pollen, though with very low success. This pollen can father new apomictic triploids when fertilizing a haploid ovum in a sexual plant (Tas and Van Dijk 1999) . Apomicts can, in this way, incorporate alleles from the sexual population. If this occurs often enough -which is unknownapomicts can evolve at a rate similar to the sexuals. Older apomictic lineages may go extinct, either because they are left behind in evolution or because they suffer from accumulation of mutations (Crow 1994) . The surviving apomicts are well-adapted genotypes that can quickly multiply in the population.
Another reason could be that competition with other plant species, e.g. grasses, requires strategies different from those required for intra-specific competition. If competition with other species is a stronger selective force than intra-specific competition, the results of the current study will not be conclusive.
Competition studies in other species
Competition between sexuals and asexuals has been studied in a (limited) number of other species. The results from these studies are inconclusive. It was shown in Saccharomyces that the evolvability generated by sexual reproduction can create a competitive advantage of sex over asexuality (Birdsell and Wills 1996, Greig et al. 1998) , though in Chlamydomonas and RNA viruses such a sex advantage was not found (Da Silva and Bell 1996, Turner and Chao 1998) . A single parthenogenetic clone of the freshwater snail Potamopyrgus antipodarum was able to outcompete a sexual population in a laboratory environment in a multi-generation experiment. This result may well have been the consequence of a cost of males in the dioecious sexual snails (Jokela et al. 1997) . Sexual, dioecious Artemia salina (brine shrimp), though, eliminated parthenogenetic strains in a multi-generation experiment (Browne 1980) . In the fish species Poeciliopsis, sexuals had a higher growth rate and fecundity averaged over all combinations than either of the two parthenogenetic lineages that were used. Competition reduced growth rate and fecundity in both types. However, the relati6e effect of competition, either from sexual or from parthenogenetic competitors, appeared to be stronger in the sexuals than in the parthenogenetic genotypes (Weeks 1995) .
Both the snails and the fish have a system with recurrent formation of clonal genotypes (Vrijenhoek 1993, Dybdahl and Lively 1995) , like dandelions. In such systems, asexuals may hitchhike with the sexual species, picking up currently advantageous alleles from the sexual population. Without sexual conspecifics in the neighbourhood, they will have a lower evolvability. The sexual and parthenogenetic strains of Artemia salina originated from different continents and, thus, evolved in isolation from each other (Browne 1980) . In this case, the sexuals may have evolved to become better competitors and have 'left behind' the parthenogens, but many factors may have contributed to the differences between the reproductive modes, as they have evolved under very different conditions.
Biotic interactions and the advantage of sex
Our expectations about the competitive relationships between sexual and apomictic dandelions were not borne out. In other systems, the results have not been clear-cut either. There is no evidence, so far, that asexuals are left behind in a continuous evolutionary race. The particular system with recurrent formation of clones that occurs in dandelions, may be present in a number of the cases where sexuals co-exist with asexual conspecifics. In these systems, differences between sexuals and asexuals may be small, because of hitchhiking.Though the distribution of parthenogenesis suggests a relationship between the frequency of biotic interactions and reproductive mode (Glesener and Tilman 1978, Bierzychudek 1985) , no direct evidence is availabe yet.
